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Tracking Tropospheric Aerosols across the Pacific Ocean

1. Introduction

In the study of cloud physics, aerosols serve as condensation nuclel toward the formation and
persstence of clouds. In climatology, aerosols affect the radiation budget of the amaosphere by
the scettering and absorption of solar and therma radiation within clear and cloudy conditions.
A change in background aerosol digtributions during events such as volcanic eruptions, increased
anthropogenic emissons (pollution and deforestation) and dust sorms will directly impact cloud
coverage, precipitation events and ar qudity not only over source regions but in aess far
downwind.

Throughout the troposphere, agrosols gredtly vary in sze and didribution. Modding efforts
to assess and predict synoptic conditions have often been hampered due to improper usage of
aerosol didributions over the region of interest, particularly over data-sparse regions such as the
Pecific Ocean.  Until recently, measurements of aerosol didributions have been nearly
impossible, confining the research to gpplying globa average amounts on a globd scde
Fortunately, recent developments have greetly improved the accuracy of determining aerosol
concentrations and properties.  These include the development of a globd network of ground-
based sun photometers, aerosol retrieval models from polar-orbiting satellite data, and improved
opticd depth models extracted from weather prediction models. Researchers a the Naval
Postgraduate School (NPS) and the Naval Research Laboratory (NRL) are conducting research
in ongoing fidd <udies and aerosol detection modds which should greailly improve the
knowledge-base of aerosol distributions and properties.

This paper will demondrate the ability of sadlite retrievd products and numerica weather
prediction models to track dust/aerosol plumes whose concentrations are well above background
levels. The region of interest is over eastern Ada and the northern Pacific Ocean, since the Gobi
desert within Mongolia and western China, as wel as the dendty of urbanrdated pollution
emissions supply a wedth of agrosol plumes. The passage of these plumes can then be tracked
over the Pacific Ocean, whose ar mass is reatively uniform, providing a smpler environment

for aerosol tracking.
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2. Aerosol distributions over the Pacific Ocean
2.1. General characteristics

One of the traditiond methods for obtaining aerosol concentrations is through an Aitken
nucleus counter. Based on this technique, Wallace and Hobbs (1977) reported typica aerosol
paticles ranging from 10°cm® over the ocean, to 10%cm® over rurd land aress, to 10°cmi® or
higher in polluted air over urban areas. Most of the aerosols are generated at surface level. Over
the desart and low sparse grasdand regions in Mongolia and western China, high surface wind
Speeds can inject enormous plumes of dust high into the atmosphere. Upper leve westerlies then
trangport these plumes at great distances over the Pecific Ocean basin before being depleted by
rain, coagulation processes, and/or gravity.

Figure 1 displays typicd aerosol sze didributions for a number of environments and source
regions. The Pacific Ocean background, positioned toward the center of the chart, describes the
marine environment far removed from land. Aerosol diameters vary between .01 to 10 microns.
The introduction of an Asan plume event produces a profile dong the red curve, as shown. The
profile is the author's conception and based somewhat in accordance with results presented by
Hoppel, et d. (1986) for agrosol didributions within non-precipitating clouds. The modified
aerosol profile practicdly spans the entire aerosol Sze spectrum with one exception, the profile
doesxn't begin a the smdlest Szes
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for agrosols bdow .01 microns
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immediately to the right represents cloud processes, mainly in the form of codescence. Studies
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have shown that these pesks are typicaly diginct; during the codescence process within clouds,
nucle ae clumped together. During the evgporation process, the nucde reman clumped
together, thus accumulating a higher number of aerosols within that diameter. On the large

aerosol Sze range, the dust plumes which orinate within the Gobi desert provide the third pesk
within the 10 - 1000 micron aerosol size range.
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Figure2. Activity spectrum of maritimeand continental particles asa function of
supersaturation. Dashed bluelineindicates higher levels of particlesfrom maritime
conditions during Asian dust storm event. (from Durkee)*

Figure 2 presents the activity spectrum of aerosols particles which serve as cloud
condensation nuclei for the various supersaturdtions. The typicd maitime and continenta
profiles are profiled. Also shown is the expected profile during an Asan plume outbresk, where
the aerosol didribution nad its associated activated nuclel would be expected to grow from
maritime conditions to a profile possbly exceeding the continental profile, especidly within dry
ar or nonprecipitating clouds. As a result, aerosols within the Asan dust plume event would be

expected to provide a rich source of CCN, resulting in an increase in cloud coverage, with cloud

1 http://www.nps.navy.mil/~durkee/M R3421/M R3421.htm
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droplets being smdler and assuming more continental characteristics to  the cloud's
microphysical and radigtive properties.
2.2. Satellite sensing of aer osols

Satdlites provide information about aerosol concentrations and Sze didtributions on a globd
scde.  This can be accomplished by measuring amospheric extinction which includes both
scattering and absorption of sunlight by aerosol particles The extinction coefficient is defined

by:
S, = ¥@pr Q.. (m,r)n(r )dr
0

where r is the particle radius, pr2 is the particle cross-sectional area, Q@(t (m,r) is the

extinction efficiency factor, which is a function of both the compostion and sze of a paticle m
is the complex index of refraction, and n( r ) is the numbre of particles for a given radius.
Changes in the sze, compostion, or didribution of the particles effect the amount of extinction
observed. By integrating the equation, optica depth is obtained. Figure 3 provides a pictorid

Passive observations of reflected solar radiation provides information
about the column integral of aerosol optical properties
3, = aerosol optical depth
= J' cu(,z) dz

w, = single scatter albedo . ii 7

W, = scattering angle
p{ys) = scattering phase function
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Figure 3. Pictorial representation of aerosol optical depth and resulting satellite radiance calculation.
(from Durkee notes for MR 3522)

2 http://www.nps.navy.mil/~durkee/M R3522/M R3522.htm
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representation of optical depth, which leads to satdlite-sensed radiance, as shown. The radiance

equation can be gpplied to a cloud-free marine environment, where multiple scattering is

negligible.  Opticd depth is the common parameter used to measure aerosol concentration by

westher satdllite sensors as well as ground-based sun photometers.

3. Methods of tracking aerosols

Much of the materid for this report comes from NRL’s aerosol website, which provides an

assortment of aerosol observations, aerosol modeling, satellite andysds and aerosol modding.

There is dso a section that provides brief andyses during unusudly high aerosol plume events

during the past year. Thisreport will focus on products of the following:

NOGAPS: The Navy oceanographic and amospheric prediction sysem: Surface wegther
reports furnished by Fleet Numerical Meteorologica and Oceanography Center (FNMOC)
NAAPS® - Navy Aerosol Analysis and Prediction System: Developed a NRL, this package is
a globa aerosol model which currently provides images of opticd depths for a variety of
aerosol gzes such as sulfate, dudt, and smoke concentrations. NAAPS utilizes NOGAPS
wind parameters, surface synoptic reports of weeather and vighility, and aerosol data
consgting of 60 sun-sky scanning spectrd radiometers located globaly.

TOMS® - The tota ozone mapping spectrometer: Developed a NASA's Goddard Space
Hight Center, this sadlite indrument is intended to sense and disolay globa amounts of
ozone. However, the .34 and .38 micron sensors on board the instrument are sengtive to
aerosols from biomass burning, volcanic activity and mined dust storms smoke and
carbonaceous agrosols.  Unlike the AVHRR, TOMS can detect these agrosols over land as
well as open water, however, its spatia resolution is coarser (4 km) than the AVHRR (1 km).

NPS aerosol retrieval model (Brown, B.B., 1997, Smith, P.J,, 1998): Developed a NPS, this
radigtive trander dgorithm computes opticd depth vaues from upweling radiances as
sensed from visble wavelengths onboard the NOAA polar orbiting AVHRR sensor.  The
dgorithm masks out land, cloud and sun glint regions. The dgorithm performed well when
compared to ground truth instruments during recent aerosol measurement experiments.

3 http://www.nrimry.navy.mil
* http://windfall.evsc.virginia.edu/~class'Debbie/ TOM S.html
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4. Casestudy: Asan dust plume event from 14 - 29 Mar ch, 1998

4.1. Initial conditions

On 15 March, 1999, a farly
ggnificant dust plume event occurred
over western Mongolia, with reports
of drong surface winds. In Figure 4,
the encirded region lies within the
Gobi  desart, therefore, any dstrong
wind event would gect large sand and
dust particles into the amosphere.
Figue 5 shows a time series of
surface  obsarvations  located  within
the ydlow sguare in Fgure 4.

dust plumeonset. Yelow box correspondsto area of
surfacereportsgivenin Figureb.

Initidly (15 March 00 GMT), the wind fidd was light and variable throughout western

B/15/99 12:00 GMT %

Mongolia, but darted to intensfy with 40 kt weserly & 06 GMT. The drong wind event

reached its maximum some time around 12 GMT with 40+ kt wind speeds reported over severd
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dations. Surface winds subsided somewha by 18 GMT. Extensve regions of blowing dust
(marked in the color ted) wereinitialy reported at 06, with amaximum at 12 GMT.

The sadlite image in Figure 6 disdlays the podtion of the resultant dugt plume (faint gray
color) one day dter the high wind event. As shown, the plume extended from eastern Mongolia
through Korea and into the western Pacific Ocean. Dust can be seen toward the center and lower
right of the image; its effects are minima and unrdated to this case study.

7| SEAWIFS: MARCH 16, 1999 [ 8F

T

Regiom of s

4.2. Tracking the aerosol plume

Appendix A represents a time series of images that track the progress of the Adan dust
plume across the Pacific Ocean. As shown, the images are comprised of TOMS aerosol index
vaues and corresponding NAAPS aerosol opticd depth vdues.  Unfortunady, the TOMS
output was not cdibrated to provide optical depth measurements. As shown, there is generdly
good agreement between TOMS and NAAPS plots in identifying the postions of the dust plume
concentretions propageating from eastern Asa  Between 17-20 March, the initid plume (blue
colors) described above is shown propagating from the western to eastern Pacific Ocean and
appears to reach the U.S. west coast by 21-22 March period. A second and more intense dust
plume event occurred over eastern Ada around 21 March; the resultant plume is shown to
propagate across the Pecific Ocean within the 23-24 March plots  The more sgnificant
concentration of dust appears to reach the U.S. West coast at the 27-28 March time plots.
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Appendix B presents pars of vishle AVHRR images and corresponding optical depth plots
from the NPS aerosol modd, covering the eastern Pacific Ocean during 21-29 March, 1999. As
described in Section 3, the optica depth data is only displayed over open water, and free of
clouds and sun glint. These sts of images were used as an attempt to image the arriva of the
Adan dugt plumes over the eastern Pecific Ocean. Unfortunately, the region was congantly
inundated with clouds and sun glint patterns. In addition, optical depth was suspect within cloud
and sun glint edges. Neverthdess, some andyss can be attempted. On 21 March, with the
arivd of the fird dust plume over Cdifornia, there appears to be some heightened optical depth
vaues from background levels of ~0.1 (dark blue) to 0.2-0.3 (green) over the 130W, dong the
lower middle portion of the image. During the next severd days, cloud cover and the sun glint
made andyss impossble One may speculate that with the second plume arivd on 27 March,
there might have been some enhancement of optical depth vaues from background leves, but
that would be optimistic speculation.

5. Conclusons

As presented, the TOMS and NAAPS products were shown to monitor high aerosol plumes
in the form of dust particles from eastern Asa through the Pecific Ocean. The results from the
NPS aerosol modd were disgppointing; cloud coverage and sun glint problems prevented any
reasonable andyss.

For future studies, the addition of land-based sun photometers would provide ground truth
data of optical depth. Although such data exigs, the time span for cdibraing and filtering the
data set is quite lengthy.

This report did not address the interactions of aerosols with clouds during this case study; not
much research has been conducted in the area of continental aerosol influences over maritime
environments. However, in dating in the year 2000, an intensve four year research program
over the western Pecific Ocean region will measure a variety of aerosol properties incuding
aerosol-cloud  interactions. Known as ACEASa® (Asan Padific Regiond Aerosol
Characterization Experiment), the program's generd god will be to sudy the radiative forcing
due to anthropogenic aerosols over the Adan pacific region. This program will involve a
network of ground dations to quantify the propeties of aerosols, intensve fidd sudies to

® http://saga.pmel .noaa.gov/
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measure aerosol properties and processes, and research the effect of clouds on aerosol properties
and vice-versa

As pat of his thess work, the author will atempt to enhance the use of the NPS aerosol
model by continuing the gpplication of the modd from polar-orbiting to geodationary satdlites.
This procedure will hopefully dlow opticd depth measurements to be viewed in a continuous
timescae.
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